Language development of Japanese twins in childhood based on maternal reports Syuichi OOKI Twins tend to lag behind singletons in their language development, though the causes of this are as yet unknown. Language development of twins is typically evaluated using the stan dards for the singletons in Japan, and the results often suggest that twins suffer from poor de velopment. The present study was performed to resolve this situation. The subjects were 937 (maternal associations group) and 1092 (school applicants group) twin mothers and their twin children of known zygosity. Relative to general population norms, twins in the maternal associations group were about one to two months delayed in terms of age at first spoken word. Nevertheless, about 95% of twins have started speaking at least one word at 18 to 19 months, as sin gletons do. According to maternal reports from the school applicants group, monozygotic males, compared with singletons, showed the largest delay throughout childhood; this delay was partly attributed to the effect of `twin language'. Language development was more similar to that of monozygotic pairs than that of dizygotic pairs. In conclusion, the results of present study suggested that language development of twins partly differ from that of singletons and that estimation of language development specifically for twins are needed.
In Japan, as in other developed countries, mul tiple birth rates have been increasing. Higher rates of twin births since 1987 have been attrib uted to both the higher proportion of mothers treated with ovulation-inducing hormones and to the increasing use of invitro fertilization (Imaizumi and Nonaka, 1997) . Under such cir cumstances, there is an increasing need to pro vide appropriate information to parents and nursing staff on the biological characteristics of twins, such as their intrauterine growth, physical growth after birth, and motor and language de velopment.
Since the classical study performed by Day (1932) , it has become a well known fact that twins tend to lag behind singletons in terms of language development (Tomasello et al., 1986; Hay et al., 1987; Akerman, 1987; Akerman and Thomassen, 1991, 1992; Thorpe et al., 2003; But ter et al., 2003) , although the causes of this delay are unknown and appear to be complex. Because there are no large scale data to show this ten dency directly in Japan, language development of twins must be evaluated using the standards for the general population, that is, essentially the standards for singletons. As a result, many twins Department of Health Science, Ishikawa Prefectural Nursing University may be regarded as showing poor development, causing their parents much anxiety and concern .
In general, the professional advisors for the growth and development of children, such as pe diatricians and public health nurses, do not have adequate information to answer the questions concerning these children's language development that are asked by the parents . To resolve this situation, it is essential toobtain objective data on language development based on a large sample of Japanese twins.
In Japan, the developmental norm for the age at first spoken word' was presented together with other milestones regarding motor development in childhood by the Ministry of Health,
Labor and Welfare. The purpose of the present study was to compare language development of twins with that of the general population . Moreover, some features of language development reported by mothers, which were unique to twins, were also analyzed for practical use in maternal and child health care for multiples.
II Methods

Subjects and Outline of Data Collection
Many countries, including some in Asia, have constructed or have been constructing large population-based twin registries, whereas no systematic twin registry exists in Japan . There are mainly three types of data sources regarding multiples in Japan: vital statistics, data from large hospitals, and a volunteerbased database. The volunteer-based database covers the gap between vital statistics and hospital data, and is larger than and more unbiased than hospital data and contains more detailed information than do vital statistics . In addition, data regarding the condition of the twins after birth can be collected in the volunteer database;
this is data that both vital statistics and hospital data seldom contain. This background information represents continuous data on twins in childhood and on their families that the author has been gathering for the purpose of contribut ing to twins' health care and to the genetic epi demiologic study of twins and their families Yokoyama, 2003, 2004; . The data used in this study were a portion of this body of data.
The present sample consisted of two independent groups of subjects. A detailed description of both groups is given in 
Zygosity classification
The zygosity of twins was determined mainly by means of a zygosity questionnaire , which is used widely in Japan.
Mothers of both groups answered this zygosity questionnaire. Zygosity diagnoses using many DNA/genetic markers were performed in addition to the zygosity questionnaire for those twin pairs of the school applicants group who were admitted to the school (Ooki and Yokoyama, 2003 Therefore, 1207 answers, representing 614 males and 593 females, were used in analysis.
In the statistical calculation, the following adjustment was performed. Because the data an- The results of the stepwise regression analysis were shown in Table 2 . Factors affecting the age at first spoken word were sex (p<0.0001) and motor development (p=0.0003) at 0.01 significance level. In these cases, females and earliness of sitting with head steady showed a tendency toward earliness for the age at first spoken Table  2 The results of the stepwise regression analysis for the age at first spoken word Subjects were maternal associations group (n = 1057). Mean and median months of the age at first spoken word according to sex and zygosity com bination are shown in showed no strong effect of age at data correction on the age at first spoken word, as shown in Table 2 . Moreover, no direct correlation was found between age at first spoken word and age of twins at data collection (n=1207, r=-0.072, n.s.).
On is more advantageous for a male twin to have female co-twin than a male co-twin. An effect of the sex difference of the co-twin was not clearly observed in this study, partly because of limited questions.
As shown in Table 4 and Table 5 , both members of MZ male pairs may be delayed to nearly the same degree, with the result that twin pairs became relatively similar, whereas DZ male pairs of twins may be delayed to varying degrees, with the result that twin pairs became dis similar.
It has been reported that patterns of parentchild interaction and communication have environmentally mediated effects on language and account for twin-singleton differences in language development (Rutter et al., 2003) . The present study gathered no data on mother-to-twin interaction in terms of language development.
Language development of twins is very complicated, and is influenced by sex and zygosity in their various combinations. Moreover, the influence of so-called `twin language' has often been reported (Hay et al., 1987; Bakker, 1987; Dodd and McEvoy, 1994: Bishop and Thorpe et al., 2001) . In general twin language is often observed to be used only within certain twin pairs, and it cannot be understood by oth- Table 4 , MZ males showed the largest delay relative to development in singletons, which finding partly supports the above findings regarding twin language .
Maternal subjective reports may be very informative concerning total language development throughout childhood, as mothers are typically able to observe their twin children more frequently and attentively than anyone else can.
As shown in Table 5 , language development in childhood was obviously similar between MZ pairs compared with that between DZ pairs, ir respective of sex combination. Zygosity classification of same-sex twins in childhood was very rare in Japan. Moreover, zygosity misclassification at birth by means of easy placental findings occurred in about 25-30% of MZ twin pairs . Therefore, mothers of samesex twins often did not know the correct zygosity of their children. Taking these circumstances into consideration, the similarity between MZ twins, who have identical genetic composition, compared with that between DZ twins, whose genetic similarity is only 50%, slightly suggested a role of genetic background in language development. Dale et al. (1998) reported considerable genetic contribution to language development by performing the detailed genetic epidemiologic twin study of the largest sample based on more than 3000 pairs of twins.
3. Over the course of this study Contrary to the rapid increase of multiple birth rates in Japan, little attention has yet been paid and limited information obtained concern ing physical growth, motor and language development of multiples in childhood, and many problems related to the nurturing and rearing of multiples.
The lag in language development of twins be hind singletons has been reported many times in western countries (Tomasello et al., 1986; Hay et al., 1987; Akerman, 1987; Akerman and Thomassen, 1991, 1992; Thorpe et al., 2003; Butter et al., 2003) . Though this tendency has been Twins as a natural experiment to study the causes of mild language delay: I: Design; twin singleton differences in language, and obstetric risks, J Child Psychol Psychiatry, 44 
